The objective of this study was to assess outcome and recurrence rate after limbsalvage surgery with reconstruction for pelvic bone tumors and analyze complications and their relationship with surgery. The authors analyzed 129 patients followed for a mean of 6 years (range, 2-19 years). Chondrosarcoma was the most frequent histotype. Thirty-one cases with no acetabular involvement were reconstructed with allograft only. Acetabular resections were reconstructed with allograft prosthetic composite (n=60), allograft only (n=11), trabecular metal components (n=2), prosthesis only (n=10), saddle prosthesis (n=11), and iliofemoral arthrodesis (n=1). Margins were wide (n=94), wide contaminated (n=22), marginal (n=7), and intralesional (n=6). Oncologic outcomes were as follows: 75 patients were continuously disease free, 6 were disease free after treatment of relapse, 13 were alive with disease, 28 were dead of disease, and 5 were dead of other causes. Survival was 66% at 10 years. Local recurrence rate of malignant tumors was 22.1% and was not statistically influenced by margins (P=.140) or site (P=.933). Metastasis rate was 32.8%. Deep infection was observed in 30 (23.6%) cases, with no statistical difference between reconstructions with and without allograft (P=.09). Final external hemipelvectomy was performed in 16 cases. Newer techniques of reconstruction using stemmed acetabular cups or porous metal components combined with allograft are now available. Local control and satisfactory survival is achievable long term in patients with pelvic tumors, but this surgery implies a high rate of complications. Infection is a major complication, not influenced by the use of allografts. Amputation is rarely needed.
M ost bone tumors involving the pelvis are metastases, usually from tumors of the lung, prostate, or breast. 1 Only 5% of primary malignant bone tumors involve the pelvic girdle, 1 which, in skeletally mature patients, are most commonly chondrosarcoma. Other locally destructive benign tumors such as giant cell tumors can involve the pelvis. Reconstruction after resection of neoplasms involving the pelvic girdle remains one of the most demanding procedures. Preservation of the limb without retaining reasonable function is unsatisfactory. The location of tumors in the pelvis and the requirement for en bloc resection has been classified into 3 types 2 : type I involves resection of the ilium; type II involves resection of the acetabulum; and type III involves resection of the ischium and pubic rami. Most of the pelvic reconstructions involve the acetabulum and offer the greatest challenge to replace a functional hip joint. According to the different types of pelvic resections, and therefore the need for different reconstruction techniques, the goals of surgery include local control and maintenance of good quality of life.
The objectives of this retrospective study were to assess the outcome and local recurrence rate after limb-salvage surgery with reconstruction for bone pelvic tumors and to analyze complications and their relationship with type of resection and reconstruction.
Materials and Methods
The authors retrospectively reviewed their orthopedic oncology database and identified 231 patients who had undergone limb salvage with pelvic resection for bone tumors at their institution between 1990 and 2009. Of these, 100 patients undergoing pelvic resection without reconstruction and 2 patients with insufficient data were excluded from the analysis. The remaining 129 patients were followed for a mean of 6.3 years (range, 2-19 years). There were 76 (59%) males and 53 (41%) females with a mean age of 43.7 years at surgery.
All available pathologic materials and imaging studies of these patients were reviewed. Information regarding the clinical characteristics, treatment, and outcome of patients was collected. Imaging studies used to define the extension of the primary tumor included radiography, bone scintigraphy, computed tomography (CT), and magnetic resonance imaging (MRI) (some methods varied with time and availability). All patients or their relatives gave written informed consent for their data to be included in the study. The study was approved by the institutional review board/ethics committee of the authors' institution.
There were 125 primary bone tumors and 4 metastatic lesions. The diagnoses included chondrosarcoma in 80 (62%) patients, Ewing's sarcoma in 18 (14%), osteosarcoma in 17 (13%), metastatic tumor in 4 (3%), giant cell tumor in 4 (3%), spindle cell sarcoma in 2 (2%), fibrosarcoma in 2 (2%), and 1 case each of angiosarcoma (1%) and desmoplastic fibroma (1%). According to the surgical staging system for musculoskeletal tumors, 3 2 A type IV lesion refers to a lesion involving a portion of the sacrum. Multiple combinations of these types were used depending on the tumor location and extent of bony invasion. Of the 129 tumors, 98 involved the acetabular region (zone II). The other 31 tumors were located at the ilium (23 zone I alone and 7 zone I with zone IV) and at the pubic branches (1 zone III). En bloc resection of the tumor with wide margins was the goal of surgery. The surgical margins were classified, on the basis of surgical and pathological reports, according to the system described by Enneking 3 as radical, wide, wide but contaminated, marginal, or intralesional. In malignant tumors, the margin was considered adequate if radical or wide and inadequate if margins were marginal, intralesional, or contaminated, regardless of histologic response. In the 5 benign cases (4 giant cell tumor and 1 desmoplastic fibroma), marginal margins were considered adequate.
In general, the indications to perform reconstruction included resection of weight-bearing or moving elements (such as the hip) because it may result in pelvic instability and unsatisfactory functional results; young patient age; primary sarcomas or benign aggressive tumors with intention to cure; solitary pelvic bone metastasis in patients with "favorable" cancers such as thyroid, renal, and breast cancer with long life expectancies; and the availability of materials relative to the timing of surgery. In the 31 patients who had no acetabular involvement, reconstruction was performed with allograft only (23 type I resections, 7 type I-IV, and 1 type III) to restore continuity of the pelvic ring. Pelvic allografts were procured in sterile form in an operating room from organ donors by a surgical team and subsequently preserved at -80°C until use in the authors' institution's cell and musculoskeletal tissue bank. No final irradiation for sterilization was performed. At the time of surgery, the allograft was thawed for approximately 1 hour in a rifampicin solution at 37°C and then implanted. Allografts were fixed with screws and/or plates. In the 7 patients who had sacral involvement, a spinal instrumentation with pedicle screws was performed. Acetabular resections were reconstructed with prosthetic composite allografts in 60 patients (27 hip prostheses with conventional acetabular cups and 33 hip prostheses with stemmed acetabular cups), with allograft only in 11 patients, with trabecular metal components in 2 patients, with prostheses only in 10 patients, with saddle prostheses in 11 patients, and with iliofemoral arthrodesis in 1 patient. Baseline characteristics and operative data are summarized in Table 1 .
Chemotherapy was used in 48 patients with osteosarcoma, Ewing's sarcoma, dedifferentiated chondrosarcoma, or other responsive histologic type of tumor. In 22 of these 48 patients, external beam radiotherapy was also used. Surgery and radiotherapy only was used in 3 patients. In 3 patients (metastasis, fibrosarcoma, and spindle cell sarcoma), a selective arterial embolization of the lesion was preoperatively performed.
Oncologic results were evaluated according to local recurrence, metastasis, or death, and patients were classified as follows: (1) continuously disease free (patient continuously disease free to the latest routine check); (2) disease free after treatment of local recurrence or metastasis; (3) alive with disease (patient with local recurrence or metastasis); (4) dead of disease; or (5) dead of other disease (patient died from the tumor or other unrelated causes). Survival was defined as the time from surgery to last follow-up or death from any cause. Event-free survival (EFS) was defined as the time from surgery to the first event or last follow-up for patients who had no events. An event included recurrent or progressive disease and death from any cause.
Medical records were retrospectively reviewed for the complications and causes of implant failure. Complications were classified as intraoperative, early (within 6 months postoperatively), and late (more than 6 months postoperatively). Functional outcome was assessed for all surviving patients using the Musculoskeletal Tumor Society (MSTS) functional rating system. 4 This system uses a 30-point scale to equally weight each of 6 parameters, including pain, functional limitation, walking distance, use of support, emotional acceptance, and gait.
Survival and EFS distributions were estimated by the Kaplan-Meier survival curve 5, 6 ; differences in survival were determined with the log-rank test. The effect of clinical characteristics on survivorship was evaluated using the univariate Kaplan-Meier analysis. Data were recorded in a Microsoft Excel 2003 spreadsheet (Microsoft Inc, Redmond, Washington) and analyzed using MedCalc version 11.1 software (MedCalc, Mariakerke, Belgium).
results
The surgical resection of a malignant tumor was wide in 92 patients, wide but contaminated in 20, marginal in 6, and intralesional in 4. Two patients (with wide and intralesional margins, respectively) who died postoperatively were excluded from further analysis. Of the 124 malignant tumors, 26 patients (20.5%) had n Feature Article Preoperative selective arterial embolization inadequate surgical margins. The surgical resection of a benign tumor was wide but contaminated in 2 patients and wide, marginal, and intralesional in 1 case each. Therefore, only 1 patient with giant cell tumor had inadequate surgical margins. At a mean follow up of 6.3 years (range, 2-19 years), 75 (59.1%) patients remained continuously disease free, 6 (4.7%) were disease free after treatment of tumor relapse, 13 (10.2%) were alive with disease, 28 (22.1%) were dead of disease, and 5 (3.9%) were dead of another disease. Overall survival was 75% at 5 years and 66% at 10 and 15 years (Figure 2) .
One of 5 patients with benign tumors, who was treated with inadequate margins, developed multiple local recurrences (with histologic diagnosis of spindle cell sarcoma at last surgery) that required an external hemipelvectomy with excision of the kidney, bladder, and ureter. The patient died with disease at 3.6 years postoperatively.
When considering only malignant tumors, the overall metastasis rate was 32.8% (40/122 patients with malignant tumors); the EFS to metastasis was 71% at 5 years and 63% at 10 years (Figure 3) . The local recurrence rate was 22.1% (27/122 patients with malignant tumors); the EFS to local recurrence was 75% at 5 years and 71% at 10 years (Figure 4) . The authors found no differences in survival to local recurrence between adequate and inadequate surgical margins (P=.140) and between resection with or without acetabular involvement (P=.933).
The morbidity rate was high ( Table  2) . Deep infection was the most common complication, observed in 30 (23.6%) patients at a mean follow-up of 25 months. No statistical difference was found between reconstructions with and without allograft (P=.09). Due to the retrospective nature of the study and the P value close to the statistical significance, a posthoc power analysis (F-test or analysis of variance) was performed to evaluate the power of an observed effect based on the sample size and parameter estimates derived from a given data set. The result of post-hoc power analysis (P=.257) confirmed the null hypothesis. External hemipelvectomy was ultimately performed in 16 (12.4%) patients due to local recurrence or infection. Mean MSTS functional outcome score of the surviving patients was 21 (range, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] .
discussion
Surgical treatment of pelvic tumors is challenging. One of the peculiarities of pelvic tumors, especially considering malignancy, is that there are no clear compartmental barriers to the tumor growth. When the tumor invades the major nerve and blood vessel, it is difficult to excise the tumor en bloc because most pelvic tumors are extracompartmental tumors. It has been suggested that the extended regional venous drainage pattern, especially in the sacroiliac and presacral regions, may further contribute to the poor prognosis of pelvic malignancies, favoring distant metastases. 7 In the current study, the metastasis rate was relatively high (31.5%), and the cumulative overall survival of patients with malignancy was 75% at 5 years and 66% at 10 years.
Pelvic limb-sparing surgery usually implies a higher risk of achieving worse margins than a hindquarter amputation, which also does not guarantee local control of the disease. 8 In several studies of pelvic resection, the local recurrence rate ranged from 20% to 35% [9] [10] [11] [12] ; the rate in the current study was within that range (22%). It has been reported that local tumor control is significantly influenced by surgical margins achieved. 13 Guo et al 12 reported a local recurrence rate of 11.1% in patients with wide resection margins and 33.3% when marginal and intralesional margins were achieved in an overall population of 18 patients. They concluded that there are 2 anatomical areas where it is most likely that the surgeon will leave a positive margin of resection: the sciatic notch and the ilium or sacrum as the site of proximal margin of resection. 12 In the current series, this was not observed; moreover, no statistically significant difference was found in local recurrence rate between resection that did or did not involve the acetabular area. Mankin and Hornicek 14 reported that marginal and wide margins at surgery had almost identical outcomes, whereas intralesional margins fared less well. Al- though in the current authors' series the local recurrence rate was 20.8% with adequate margins and 26.9% with inadequate margins, again no statistically significant difference was observed.
Inaccuracy during tumor resection can be explained by the complex anatomy of the pelvis. Due to the pelvic complex's 3-dimensional geometry, surgical planning on 2-dimensional CT scan and resection are difficult tasks even for experienced surgeons. Despite the difficulty of obtaining a negative margin of resection with a pelvic resection, hindquarter amputation does not guarantee eradication of local disease. Shin et al 13 reported that limb-salvage resection and external hemipelvectomy were associated with an equal risk of contaminated margins. It is important to describe such results to patients to avoid creating the impression that hindquarter amputation will definitely prevent local recurrence. In fact, an effective limbsalvage procedure with satisfactory function outcome can achieve the same local control as an amputation in most cases.
Limb-salvage procedures require at times challenging reconstructive techniques. Periacetabular resection without reconstruction may result in pelvic instability. 15 Several authors [16] [17] [18] have demonstrated that patients with stable reconstructed pelvises have better MSTS functional scores than patients without pelvic reconstruction. At present, there is no unanimous agreement regarding the most appropriate technique of reconstruction after pelvic resection. Iliofemoral or ischiofemoral arthrodesis is usually not well accepted by patients. Hillmann et al, 18 Gebert et al, 19 and Hoffmann et al 20 compared patients treated with prosthetic reconstruction with those who had a hip transposition following acetabular resection of pelvic sarcoma. The functional results were satisfactory for patients undergoing the hip transposition procedure. Nevertheless, this method had a major disadvantage of limb-length discrepancies, especially when the iliac bone had to be resected. Better functional results have been reported after limb-sparing procedures compared with pelvic amputation, at the cost of a higher complication rate. [18] [19] [20] Allograft replacement of pelvic defects was the most common method of reconstruction for resection without involvement of the periacetabular area. In type II pelvic resections, there are several alternatives to an allograft reconstruction. The use of reconstructive techniques has been expanded by the development of new prostheses, materials, and surgical methods. 21 There are 3 current techniques for periacetabular reconstruction: a saddle prosthesis, a computer-designed prosthesis, and a modular prosthesis with or without support of an autograft or allograft. Although the saddle prosthesis is simple technically, it has the disadvantage of a high rate of failure and infection. 22, 23 With custom-made endoprostheses, the disadvantage of not being able to make adjustments intraoperatively must be compensated by exact preoperative planning using 3-dimensional imaging. Some authors reported a semi-modular system allowing certain intraoperative adaptations but with the disadvantage of loss of stability due to mobile adjustments parts. 24 The other techniques are more complex because the reconstruction must fit the resection. The use of bone, whether autograft or allograft, allows the surgeon to implant a conventional total or bipolar prosthesis and to match a potentially greater resection than anticipated. In the current series, and especially in the past 10 years, the use of a stemmed acetabular cup and newer types of reconstruction with trabecular metal for the replacement of bone defects are the preferred techniques because allograft prosthesis composite with conventional cups and fixation devices (used previously) have a high rate of failure. 25 Pelvic resections should be followed by reconstructive techniques that warrant the lowest complication rate and the earliest possible functional recovery. 14 The reported complication rate in series ranging in size from 9 to 96 patients n Feature Article has been high, with a range of 30% to 90%, [11] [12] [13] [14] [15] [18] [19] [20] [21] [22] [23] 26 no matter what method of reconstruction is used. Most of these complications consist of local infection or wound-healing problems, such as skin necrosis or sinus, and hematoma. 27 Infection remains a major surgical complication of pelvic reconstruction after internal hemipelvectomy, with reported rates varying up to 47%. 12, [17] [18] 23, 26, 27 In patients receiving chemotherapy, the infections may also be attributed to the immunosuppression caused by preoperative chemotherapy. 28, 29 The prolonged operative times necessary to resect pelvic tumors, the proximity of the rectum and genitourinary tract, the large dead space after pelvic bone resection, and the large amount of foreign material implanted are all factors that contribute to the increased risk of infection. In the current authors' experience, the allografts were treated with antibiotics, but the infection rate was still high (23.6%). Moreover, the infection rate was not statistically influenced by the presence or absence of allograft in the reconstruction implant. This complication was cured in most of the patients with conservative surgical debridement associated with removal of the implants in 14 patients. External hemipelvectomy was rarely required.
Dislocation, aseptic loosening, fracture, and nonunion were usually observed as late complications. Dislocation is usually caused by poor muscle function after wide resection. Gluteus medius and minimus muscles were sacrificed in most cases so that the origin of the gluteus maximus was sutured more anteriorly to the abdominal muscles, which was an important step to increase the stability of the hip. 17, 22 Fracture and nonunion are concerns with the use of allograft or irradiated bone and autograft. 7, 17, 30 Regarding neurological complications, as previously reported by Campanacci et al, 11 the current authors consider them to be predominant following iliac resections with disruption of the greater sciatic notch.
Anatomical reconstruction following a pelvic resection provides the opportunity for much better function than does palliative reconstruction. Function as calculated as a percentage of the maximum MSTS score (normal function) ranged from 55% to 70% in series comprising 13 to 39 patients. 7, 9, 30 It has been reported in series of patients reconstructed with allograft or prosthesis 18, 31 that the allografts compared favorably with the prostheses. The current authors reported an average MSTS score of 21 of 30 (70%), confirming the possibility of obtaining a good functional result with different pelvic reconstructive options. Patients with primary malignant tumors should understand that reconstruction of the pelvic defect requires a prolonged rehabilitation. Functional results depend on both the extent of resection and the technique of reconstruction.
This study has some limitations. It was observational, retrospective, and nonrandomized, subjecting it to potential recall and selection biases. However, wellcontrolled, single-institution retrospective studies are useful to evaluate a disease prognosis and treatment approach. Although this study was relatively large, type II statistical error remains possible for some of the endpoints the authors considered. However, they believe that the longterm follow-up increases the power of the analysis. Moreover, the rarity of these primary tumors of the pelvis may increase the value of the study. It may be argued that the study groups in this series are heterogeneous with respect to the examined variables. The authors acknowledge this limitation; however, they opted to include all patients who had undergone limb salvage with pelvic resection for bone tumors to increase the sample size and draw important conclusions regarding the variables examined. The authors also did not control for adjuvant patient treatments. However, most of the cases were chondrosarcoma, for which the mainstay of treatment is surgical resection. In the current series, chemotherapy was administered in 48 patients with osteosarcoma, Ewing's sarcoma, dedifferentiated chondrosarcoma, or other responsive histologic types of tumor.
conclusion
Conservative surgery for pelvic tumors is feasible, although technically demanding. Resections involving the acetabular area are more challenging. Newer techniques of reconstruction using stemmed acetabular cups or porous metal components combined with allograft are now available. Local control and satisfactory survival are achievable long term, but this surgery implies a high rate of complications.
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